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(57) Abstract 

Technical problem Even if you excel in the heat resistance of a liquid crystal / polymers bipolar 
membrane, etc. and also you repeat rewriting 100 times or more, provide the reversible display 
medium which is maintaining high printing contrast. 

Means for SolutionA reversible display medium characterized by the above-mentioned polymers 
matrix being a polyisocyanate bridging body of thermosetting acrylics in a reversible display medium 
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with which a liquid crystal forms the liquid crystal / polymers bipolar membrane distributed in a 
polymers matrix on a conductive substrate. 



Claim(s) 

Claim lA reversible display medium characterized by the above-mentioned polymers matrix being a 
polyisocyanate bridging body of thermosetting acrylics in a reversible display medium with which a 
liquid crystal forms the liquid crystal / polymers bipolar membrane distributed in a polymers matrix 
on a conductive substrate. 

Claim 2The reversible display medium according to claim 1 which thermosetting acrylics is a 
copolymer of acrylate (meta) and carries out 5-10-mol unit content of the monomeric unit which has 
an isocyanate group and a basis which has reactivity. 

Claim 3The reversible display medium according to claim 1 whose basis reacted to an isocyanate 
group is a hydroxyl group or a carboxyl group. 

Claim 4The reversible display medium according to claim 1 whose liquid crystal is a smectic liquid 

crystal. 

Claim 5The reversible display medium according to claim 1 with which a liquid crystal contains a 
dichroism pigment. 

Claim 6The reversible display medium according to claim 1 which has a protective layer on the 
surface of a liquid crystal / polymers bipolar membrane. 



Detailed Description of the Invention 
0001 

Field of the InventionThis invention has a response to an electric field or heat, and this reversible 
display medium can be broadly used as a rewritable card, a display, other reversible display media, 
etc. about the reversible display medium using the liquid crystal / polymers bipolar membrane which 
can perform a display and record of a variety of information. 
0002 

Description of the Prior ArtNow, a liquid crystal is applied by various apparatus as a display 
material, and is put in practical use by a clock, a calculator, small television, etc. The thing of the 
display type called TN type or a STN type is adopted using a pneumatic liquid crystal as these liquid 
crystals. Although this kind of display device encloses a liquid crystal in the liquid crystal cell which 
has a transparent electrode and It comprises what provided the polarizing plate in both sides, Since 
the polarizing plate is used, an angle of visibility is narrow, the necessity of needing the back light of 
high power consumption, and making cell thickness uniform since luminosity is insufficient to large- 
area-izing is difficult, and, moreover, there are problems, like structure is complicated and a 
manufacturing cost is high. 

OOOSAs a liquid crystal display medium which solves such a problem, the liquid crystal distributed 
element using the liquid crystal / polymers bipolar membrane which distributed the liquid crystal in 
the polymer matrix has been capturing the spotlight recently. Among these, even after the external 
energy for carrying out orientation of the liquid crystal is removed, since the oriented state of a liquid 
crystal is maintained, the thing using a smectic liquid crystal has memory nature, and is useful as a 
rewritable reversible display medium. 
0004 

Problem(s) to be Solved by tlie Inventionln the rewritable reversible display medium using this 
smectic liquid crystal, although a liquid crystal / polymers bipolar membrane is formed on a 
conductive substrate and a protective layer is provided in a record display side if needed. In such a 
conventional reversible display medium. The heat resistance of a liquid crystal / polymers bipolar 
membrane and the mothball nature in a high temperature atmosphere are insufficient. The number 
of times of rewriting Is also about 10 times, if rewriting exceeding 10 times is performed, a liquid 
crystal particle and matrix resin will dissolve with the heat applied at the time of printing, printing 
contrast falls, and there is a problem of applying to practicality. 

OOOSThe heat resistance of the reversible display medium in which the conventional rewriting is 
possible is the heat resistance of the grade (SN transition point-30 **) of the liquid crystal to be 
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used, and was not able to be saved at a high temperature atmosphere for a long time. The example 
using fumarate system resin with a glass transition point high as matrix resin was known, and 
lamination where the adhesion over the substrate of a liquid crystal / polymers bipolar membrane is 
low, and sufficient in this case was also difficult. Therefore, even if the purpose of this invention is 
excellent in the heat resistance of a liquid crystal / polymers bipolar membrane, etc. and also repeats 
rewriting 100 times or more, there is in providing the reversible display medium which is maintaining 
high printing contrast. 
0006 

Means for Solving the ProblemThe above-mentioned purpose is attained by the following this 
inventions. That is, in a reversible display medium with which a liquid crystal forms the liquid 
crystal / polymers bipolar membrane distributed in a polymers matrix on a conductive substrate, this 
invention is a reversible display medium, wherein the above-mentioned polymers matrix is a 
polyisocyanate bridging body of thermosetting acrylics. 

0007By using an acrylic resin which constructed the bridge by polyisocyanate as a polymers matrix 
of a reversible display medium of a liquid crystal / polymers compound die, It excels in the heat 
resistance of a liquid crystal / polymers bipolar membrane, and a reversible display medium with 
which printing contrast does not fall even if it repeats 100 rewritings or more can be provided. 
0008 

Embodiment of the InventionNext, a desirable embodiment is mentioned and this invention is 
explained in more detail. As the reversible display medium of this invention shows drawing 1 the 
section schematically, on the substrate sheet, the conductive layer, and the liquid crystal / polymers 
bipolar membrane used as an electrode is laminated, and the protective layer is provided on it still 
more preferably. And as schematically shown in drawing 2, the particles of a liquid crystal are 
distributing independently the above-mentioned liquid crystal / polymers bipolar membrane in matrix 
resin. 

0009In this invention, it Is characterized by using the polyisocyanate bridging body of thermosetting 
acrylics as a polymers matrix of the above-mentioned liquid crystal / polymers bipolar membrane. 
When the thermosetting acrylic resin used as matrix resin by this invention carries out 
copolymerization of the acrylate (meta), it is an acrylic copolymer obtained using the monomer of 
acrylic or others which has a basis which reacts to an isocyanate group in 5-10-mol% of total 
monomers (meta). 

OOlOas for the heat-resistant improved effect of matrix resin, less than 5 moi % is the quantity of 
the above-mentioned reactive monomer insufficient, and if the quantity of a reactive monomer 
exceeds 10-mol % on the other hand, since visibility when the liquid crystal currently distributed in a 
matrix crystallizes and it prints to an expression medium will fall, it is not desirable. 
OOllln the above-mentioned copolymer, a hydroxyl group, an amino group, an epoxy group, a 
carboxyl group, etc. are mentioned as an isocyanate group and a basis which is reactivity, and a 
hydroxyl group and a carboxyl group are especially preferred from a reactant point with an 
isocyanate group. As an example of representation of the acrylic monomer which has such a hydroxyl 
group or a carboxyl group, 2-hydroxyethyl (meta) acrylate, acrylic acid, and methacrylic acid which 
are the resultants of acrylic acid (meta) and ethylene glycol are mentioned. 

0012AS polyisocyanate over which the above-mentioned acrylic resin is made to construct a bridge. 
It is the polyisocyanate currently conventionally used for manufacture of polyurethane resin, the 
adhesives of a polyurethane system, etc., for example, those hydrogenation ghosts, such as tolylene 
diisocyanate, JIFUNIRU methane diisocyanate, xylylene diisocyanate, isophorone diisocyanate, and 
hexamethylene di-isocyanate, — further — being alike — those dimers and a trimer are mentioned. 
Each of such polyisocyanates can be obtained from a commercial scene, and can be used by this 
invention. As for such polyisocyanates, it is preferred to add at a rate of two to 10 weight section per 
said acrylic resin 100 weight section. 

0013It is preferred to use the smectic liquid crystal excellent in especially memory nature as a liquid 
crystal used by this invention, although it is conventionally usable in any publicly known liquid 
crystal. As such a smectic liquid crystal, various kinds of smectic liquid crystals which can be 
obtained from Japan Energy are used, for example. Especially the contrast of a display Image is high, 
and in order to obtain a reversible display medium with little a fall and disappearance of contrast also 
in low temperature or a high temperature region, it is preferred to use the liquid crystal of following 
general formula (I) - (VII). 
0014 
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(R^ shows the alkyi group or alkoxy group of the carbon numbers 8-18 among a formula.) 
0015 



(r2, r3, r4, r5^ r6^ apjj [^8 show the alkyI group of the carbon numbers 2-18 among a formula, R^, 
R^, and R^° show the alkyI group or alkoxy group of the carbon numbers 2-18, and X shows a 
halogen again.) 

0016The compound expressed with these general formula (II)s - (VII), The temperature rise of the 
phase transition temperature of a smectic liquid crystal phase-pneumatic liquid crystal phase or 
smectic liquid crystal phase-isotropic interphase Is carried out, the record-keeping nature in an 
elevated temperature is so good that this phase transition temperature is high, and 60-130 ** is 
especially preferred not less than 60 **. It is good to choose suitably any one sort of the carbon 
numbers 2-18, or two sorts or more, to combine them, and to use them from each aforementioned 
compound kind of inside, so that this may be filled. 

0017AS for the compound expressed with said general formula (II) - (VII), it is preferred to carry out 
10-300 weight-section content to compound 100 weight section expressed with said general formula 
(I), and it is preferred to consider it as 20 to 240 weight section especially. 80:20-30:70, and thing 
100 weight especially mixed by the ratio of 60:40-40:60 preferably are received by a weight section 
in the compound especially expressed with said general formula (I), and the compound expressed 
with general formula (II), If 5-100 weight-section content of one sort chosen from the compound 
expressed with general formula (IV) - (VII) or the two sorts or more is carried out preferably one to 
200 weight section. Contrast is high, and especially since it becomes a liquid crystal composition 
which moreover does not have a fall or disappearance of contrast in a low temperature region as 
remarkable as not only an elevated temperature but -40 **, it is desirable. 

OOlSTo these liquid crystal compositions, other liquid crystal compounds and additive agents can be 
added in the limit which does not destroy a smectic liquid crystal phase. It is suitable if a dichroism 
pigment is made to mix at a rate of one to 10 weight section per liquid crystal composition 100 
weight section for the purpose of improvement, coloring, etc. of a contrast ratio especially for 
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example. By forming the liquid crystal / polymers bipolar membrane which distributed the liquid 
crystal composition in the polymer matrix using the aforementioned liquid crystal composition on a 
conductive substrate, the reversible display medium which can rewrite this invention is obtained. 
Although these desirable examples are shown concretely, this invention is not limited to this. 
0019AS amount of the above-mentioned liquid crystal composition and said polymers matrix used. If 
the mixture ratio (weight ratio) of a polymers matrix / liquid crystal is 5 / 95 - 50/50 and there is too 
little amount of the liquid crystal used. In order to make a film into a transparent state for the 
transparency at the time of voltage one not only to to run short, but, it is insufficient in respect of 
needing great voltage etc., and if there is too much amount of the liquid crystal used on the other 
hand, since dispersion at the time of voltage OFF (turbidity) not only runs short, but membranous 
intensity will fall, it is not desirable. 

0020Although it is usable as a method of distributing a liquid crystal composition In a polymers 
matrix In each conventionally publicly known metlnod, such as the phase separation method and an 
emulsion technique, in this invention, a useful method is the phase separation method. In the phase 
separation method, after preparing the solution which contains the above-mentioned Ingredient using 
said polymers matrix and the above-mentioned liquid crystal composition, and the organic solvent 
that can dissolve other additive agents and applying this solution to a suitable substrates face, a 
solvent Is evaporated and a liquid crystal / polymers bipolar membrane can be formed. 
0021AS for the solids concentration of the solution which acetone, methyl ethyl ketone, toluene, 
xylene, a tetrahydrofuran, chloroform, etc. are mentioned, and consists of these solvents as a 
suitable solvent, for example. It is preferred to consider it as about 5 to 30% of the weight of the 
range. Stencil printing, brush coating, spray coating, braid coating, doctor coating, etc., for example, 
using screen-stencil and a metal mask as a method of forming a liquid crystal / polymers bipolar 
membrane on an electrode substrate are mentioned using the above solution. 
0022The electrode substrate (conductive substrate) used is conventionally generally used to a 
publicly known reversible display medium, and in this invention. It is usable and each conventionally 
publicly known conductive substrate is an electrode substrate of the couple which, concrete for 
example, made a transparent conductive material like ITO, a Sn02 system, and a ZnO system adhere 
to transparent substrates, such as glass and a high polymer film. When using an opaque conductive 
substrate for other one side at this time, the substrate which that electrode formed for the aluminum 
reflector, for example since the function as a light reflector was also required is preferred. The 
substrate Itself may be a thing of glass, a high polymer film, or others. 
0023After forming a liquid crystal / polymers bipolar membrane on an electrode substrate as 
mentioned above, the liquid crystal / polymers bipolar membrane which the polyisocyanate contained 
makes a reactant acrylic resin construct a bridge, and makes the purpose are formed by carrying out 
stoving at the temperature of the grade which does not affect a room temperature or a liquid crystal 
particle. In the above, since it is generally referred to as about 3-23 micrometers, the contrast of a 
display will become low if it is less than 3 micrometers, and driver voltage will become high if 23 
micrometers is exceeded, the thickness of a liquid crystal / polymers bipolar membrane is not 
preferred. 

0024The reversible display medium which forms the liquid crystal / polymers bipolar membrane 
which liquid crystal composition particles distributed in the polymers matrix between the conductive 
substrates of a couple at least with transparent one side as one desirable embodiment of this 
Invention Is mentioned. The drive of this reversible display medium eliminates Information by 
Impression of voltage, and the writing of information Is performed by Impression of heat. 
0025The Information displaying medium which formed the protective layer via the interlayer If 
needed on said liquid crystal / polymers bipolar membrane formed on the conductive substrate as 
other desirable embodiments Is mentioned. A liquid crystal carries out orientation of the reversible 
display medium in which this kind of rewriting Is possible by the voltage impressing from the 
protective layer side, light penetrates. Information is eliminated, by heating, the orientation of a 
liquid crystal is in disorder and the writing of Information Is performed. 

0026The Interlayer and thermosetting resin which consist of the same resin as the above-mentioned 
polymer matrix about an interlayer's formation, Ultraviolet curing nature resin or electron beam 
hardening resin, for example, polyene thiols. The polymerization nature acrylate polymer which has 
an acrylyl group (meta) In molecules, such as urethane acrylate, epoxy acrylate, and silicone 
acrylate. A reversible display medium rewritable by providing the protective layer which consists of 
publicly known hardening resin etc. which consist of monomers of monofunctional , such as methyl 
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methacrylate, or many organic functions can be formed. 

0027Tlie card wliich can rewrite of information this embodiment is explained as an example. In the 
case of a card use, the electrode substrate to be used can be made into one sheet. Especially as a 
substrate of an electrode, a high polymer film is preferred. The white polyethylene terephthalate 
(PET) film as a film is desirable. The conductive layer can use metal other than transparent 
conductive materials, such as ITO, such as aluminum. 

0028In order to protect a liquid crystal / polymers bipolar membrane, it is preferred to provide a 
protective film on this bipolar membrane. Especially as a protective film, although not limited, the 
hardening resin which has a mechanical strength, a water resisting property, etc. is preferred. For 
example, UV or electron beam hardening type poly (meta) acrylate, polyurethane (meta) acrylate, 
etc. are used. When said protective layer film cannot be directly formed on a liquid crystal / polymers 
bipolar membrane, the thin film of water-soluble polymer, such as polyvinyl alcohol, may be made to 
form as an interlayer between this bipolar membrane and a protective film, the aforementioned 
protective coat material formed on another sheet — transfer — it laminates, and it may be made to 
harden and may form. In the case of a card use, in a display, the using rate of a liquid crystal and 
polymers differs in the fitness range, and the rate (weight ratio) of a liquid crystal/polymers has the 
preferred range of 55 / 45 - 35/65. In order to raise the contrast of a display, it is preferred to make 
a liquid crystal contain dichroic coloring matter. 

0029Next, record and elimination of the information on the card of the above-mentioned 
composition are explained. A required electric field is impressed and elimination of information is 
performed by mal<ing an electric field direction carry out orientation of the liquid crystal element, 
after heating a liquid crystal / polymers bipolar membrane layer. Especially as a method of 
impressing an electric field, a corona-electrical-charging method is effective. Record of information is 
performed by disturbing the orientation of the liquid crystal element of a portion which applied 
required heat to the bipolar membrane layer and to which heat was applied. As a method of applying 
heat, the method of using a thermal head is preferred. 
0030 

ExampleNext, an example and a comparative example are given and this invention is explained still 
more concretely. There Is a weight reference the inside of a sentence "%." 

** was mixed to what fully carried out the agitation mix of ingredient of tlie example 1 following 

- the **, and was dissolved, and the coating liquid a liquid crystal / for polymers bipolar 
membrane formation was prepared to it. 

** a thermosetting acrylics solution (content 5M0 RU% of 10% of solid content, and a hydroxyl 
group content monomer.) the Soken Chemical & Engineering make and a trade name 1^-1002 B-K6 
120g** smectic liquid crystal (the Japan Energy make.) Trade name M-900054 8g** dichroism 
pigment (22 : 25:40 weight-ratio mixture of Japanese sensitizing dye company make and trade 
name G206:G241:G472) 0.16g** polyisocyanate (Japanese polyurethane company make, trade 
name coronate L) 

0.64gOO31After using and applying bar coating-machine #36 on an ITO vacuum evaporation white 
PET board and drying the coating liquid prepared above for 1 minute at 100 **, while putting in for 
24 hours or more and making matrix resin construct a bridge into 60 oven, Phase separation of 
the liquid crystal was carried out to particles, and the liquid crystal / polymers bipolar membrane of 8 
micrometers of thickness were formed. The doctor blade was used for ultraviolet curing nature resin 
(urethane acrylate) all over a liquid crystal / polymers bipolar membrane, and after spreading, 
ultraviolet rays were irradiated with and stiffened with the high-pressure mercury-vapor lamp 
(output/cm of 120W ^), and it was considered as the reversible display medium of this invention as 
a protective layer of 2 micrometers of thickness. 

0032It replaced with thermosetting acrylics in comparative example 1 Example 1, the nonresponsive 
acrylic resin (the Soken Chemical & Engineering make, trade name M-1002B) was used, and others 
obtained the reversible display medium of the comparative example like Example 1. As for each 
reversible display medium of the above-mentioned example and the comparative example 1, the 
erasing state was acquired by corona discharge (corona voltage 6.5kv), and write states were 
acquired by the thermal recording by a thermal head etc. 

0033About the reversible display medium of the above-mentioned Example 1 and the comparative 
example 1, it prints by a thermal head by the printing condition of 0.8mJ/a dot, respectively. When 
printing was eliminated by corona discharge in the printing afterbaking state and this was repeated, 
printing contrast in which after 100 repetitions is sufficient in the case of the reversible display 
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medium of Example 1 was acquired, but as for the case of the comparative example 1, the contrast 
of printing fell remarkably by the repetition around 10 times. When the heat resistance of both 
reversible display media was investigated, also after neglecting the thing of Example 1 in 1-hour 
oven at 90 **, repetition rewriting was possible for it, but after neglecting the thing of a comparative 
example in 75 oven for 1 hour, printing contrast is falling remarkably. 
It was impractical. 

0034 

Effect of the InventionBy using like the above the acrylic resin which constructed the bridge by 
PORISO cyanate as a polymers matrix of the reversible display medium of a liquid crystal / polymers 
compound die according to this invention, It excels in the heat resistance of a liquid crystal / 
polymers bipolar membrane, and the reversible display medium with which printing contrast does not 
fall even if it repeats 100 rewritings or more can be provided. 



Field of the InventionThis invention has a response to an electric field or heat, and this reversible 
display medium can be broadly used as a rewritable card, a display, other reversible display media, 
etc. about the reversible display medium using the liquid crystal / polymers bipolar membrane which 
can perform a display and record of a variety of information. 



Description of tlie Prior ArtNow, a liquid crystal is applied by various apparatus as a display 
material, and is put in practical use by a clock, a calculator, small television, etc. The thing of the 
display type called TN type or a STN type is adopted using a pneumatic liquid crystal as these liquid 
crystals. Although this kind of display device encloses a liquid crystal in the liquid crystal cell which 
has a transparent electrode and it comprises what provided the polarizing plate in both sides, Since 
the polarizing plate is used, an angle of visibility is narrow, the necessity of needing the back light of 
high power consumption, and making cell thickness uniform since luminosity is insufficient to large- 
area-izing is difficult, and, moreover, there are problems, like structure is complicated and a 
manufacturing cost is high. 

0003AS a liquid crystal display medium which solves such a problem, the liquid crystal distributed 
element using the liquid crystal / polymers bipolar membrane which distributed the liquid crystal in 
the polymer matrix has been capturing the spotlight recently. Among these, even after the external 
energy for carrying out orientation of the liquid crystal is removed, since the oriented state of a liquid 
crystal is maintained, the thing using a smectic liquid crystal has memory nature, and is useful as a 
rewritable reversible display medium. 



Effect of tlie InventionBy using like the above the acrylic resin which constructed the bridge by 
PORISO cyanate as a polymers matrix of the reversible display medium of a liquid crystal / polymers 
compound die according to this invention, It excels in the heat resistance of a liquid crystal / 
polymers bipolar membrane, and the reversible display medium with which printing contrast does not 
fall even if it repeats 100 rewritings or more can be provided. 



ExampleNext, an example and a comparative example are given and this invention is explained still 
more concretely. There is a weight reference the inside of a sentence "%." 

** was mixed to what fully carried out the agitation mix of ingredient of the example 1 following 
- the and was dissolved, and the coating liquid a liquid crystal / for polymers bipolar 

membrane formation was prepared to it. 

a thermosetting acrylics solution (content 51^0 RU% of 10% of solid content, and a hydroxyl 

group content monomer.) the Soken Chemical & Engineering make and a trade name 1^-1002 B-K6 

120g** smectic liquid crystal (the Japan Energy make.) Trade name M-900054 8g** dichroism 
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pigment (22 : 25:40 weight-ratio mixture of Japanese sensitizing dye company mal<e and trade 
name G206:G241:G472) 0.16g** polyisocyanate (Japanese polyuretliane company make, trade 
name coronate L) 

0.64gOO31After using and applying bar coating-machine #36 on an ITO vacuum evaporation white 
PET board and drying the coating liquid prepared above for 1 minute at 100 **, while putting in for 
24 hours or more and making matrix resin construct a bridge into 60 ** oven. Phase separation of 
the liquid crystal was carried out to particles, and the liquid crystal / polymers bipolar membrane of 8 
micrometers of thickness were formed. The doctor blade was used for ultraviolet curing nature resin 
(urethane acrylate) all over a liquid crystal / polymers bipolar membrane, and after spreading, 
ultraviolet rays were irradiated with and stiffened with the high-pressure mercury-vapor lamp 
(output/cm of 120W 2), and it was considered as the reversible display medium of this invention as 
a protective layer of 2 micrometers of thickness. 

0032It replaced with thermosetting acrylics in comparative example 1 Example 1, the nonresponsive 
acrylic resin (the Soken Chemical & Engineering make, trade name M-1002B) was used, and others 
obtained the reversible display medium of the comparative example like Example 1. As for each 
reversible display medium of the above-mentioned example and the comparative example 1, the 
erasing state was acquired by corona discharge (corona voltage 6.5kv), and write states were 
acquired by the thermal recording by a thermal head etc. 

0033About the reversible display medium of the above-mentioned Example 1 and the comparative 
example 1, it prints by a thermal head by the printing condition of 0.8mJ/a dot, respectively, When 
printing was eliminated by corona discharge in the printing afterbaking state and this was repeated, 
printing contrast in which after 100 repetitions is sufficient in the case of the reversible display 
medium of Example 1 was acquired, but as for the case of the comparative example 1, the contrast 
of printing fell remarkably by the repetition around 10 times. When the heat resistance of both 
reversible display media was investigated, also after neglecting the thing of Example 1 in 1-hour 
oven at 90 **, repetition rewriting was possible for it, but after neglecting the thing of a comparative 
example in 75 oven for 1 hour, printing contrast is falling remarkably. 
It was impractical. 



Problem (s) to be Solved by the Inventionin the rewritable reversible display medium using this 
smectic liquid crystal, although a liquid crystal / polymers bipolar membrane is formed on a 
conductive substrate and a protective layer is provided in a record display side if needed. In such a 
conventional reversible display medium. The heat resistance of a liquid crystal / polymers bipolar 
membrane and the mothball nature in a high temperature atmosphere are insufficient. The number 
of times of rewriting Is also about 10 times, if rewriting exceeding 10 times is performed, a liquid 
crystal particle and matrix resin will dissolve with the heat applied at the time of printing, printing 
contrast falls, and there is a problem of applying to practicality. 

OOOSThe heat resistance of the reversible display medium in which the conventional rewriting is 
possible is the heat resistance of the grade (SN transition point-30 **) of the liquid crystal to be 
used, and was not able to be saved at a high temperature atmosphere for a long time. The example 
using fumarate system resin with a glass transition point high as matrix resin was known, and 
lamination where the adhesion over the substrate of a liquid crystal / polymers bipolar membrane is 
low, and sufficient in this case was also difficult. Therefore, even if the purpose of this invention is 
excellent in the heat resistance of a liquid crystal / polymers bipolar membrane, etc. and also repeats 
rewriting 100 times or more, there is in providing the reversible display medium which is maintaining 
high printing contrast. 



Means for Solving the ProblemThe above-mentioned purpose is attained by the following this 
inventions. That is, in a reversible display medium with which a liquid crystal forms the liquid 
crystal / polymers bipolar membrane distributed in a polymers matrix on a conductive substrate, this 
invention is a reversible display medium, wherein the above-mentioned polymers matrix is a 
polyisocyanate bridging body of thermosetting acrylics. 
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0007By using an acrylic resin which constructed the bridge by polyisocyanate as a polymers matrix 
of a reversible display medium of a liquid crystal / polymers compound die, It excels in the heat 
resistance of a liquid crystal / polymers bipolar membrane, and a reversible display medium with 
which printing contrast does not fall even if it repeats 100 rewritings or more can be provided. 
0008 

Embodiment of the InventionNext, a desirable embodiment is mentioned and this invention is 
explained in more detail. As the reversible display medium of this invention shows drawing 1 the 
section schematically, on the substrate sheet, the conductive layer, and the liquid crystal / polymers 
bipolar membrane used as an electrode is laminated, and the protective layer is provided on it still 
more preferably. And as schematically shown in drawing 2, the particles of a liquid crystal are 
distributing independently the above-mentioned liquid crystal / polymers bipolar membrane in matrix 
resin. 

0009In this invention, it is characterized by using the polyisocyanate bridging body of thermosetting 
acrylics as a polymers matrix of the above-mentioned liquid crystal / polymers bipolar membrane. 
When the thermosetting acrylic resin used as matrix resin by this invention carries out 
copolymerization of the acrylate (meta), it is an acrylic copolymer obtained using the monomer of 
acrylic or others which has a basis which reacts to an isocyanate group in 5-10-mol% of total 
monomers (meta). 

OOlOas for the heat-resistant improved effect of matrix resin, less than 5 mol % is the quantity of 
the above-mentioned reactive monomer insufficient, and if the quantity of a reactive monomer 
exceeds 10-mol % on the other hand, since visibility when the liquid crystal currently distributed in a 
matrix crystallizes and it prints to an expression medium will fall, it is not desirable. 
OOllln the above-mentioned copolymer, a hydroxyl group, an amino group, an epoxy group, a 
carboxyl group, etc. are mentioned as an isocyanate group and a basis which is reactivity, and a 
hydroxyl group and a carboxyl group are especially preferred from a reactant point with an 
isocyanate group. As an example of representation of the acrylic monomer which has such a hydroxyl 
group or a carboxyl group, 2-hydroxyethyl (meta) acrylate, acrylic acid, and methacrylic acid which 
are the resultants of acrylic acid (meta) and ethylene glycol are mentioned. 

0012AS polyisocyanate over which the above-mentioned acrylic resin is made to construct a bridge. 
It is the polyisocyanate currently conventionally used for manufacture of polyurethane resin, the 
adhesives of a polyurethane system, etc., for example, those hydrogenation ghosts, such as tolylene 
diisocyanate, JIFUNIRU methane diisocyanate, xylylene diisocyanate, isophorone diisocyanate, and 
hexamethylene di-isocyanate, ~ further ~ being alike ~ those dimers and a trimer are mentioned. 
Each of such polyisocyanates can be obtained from a commercial scene, and can be used by this 
invention. As for such polyisocyanates, it is preferred to add at a rate of two to 10 weight section per 
said acrylic resin 100 weight section. 

0013It is preferred to use the smectic liquid crystal excellent in especially memory nature as a liquid 
crystal used by this invention, although it is conventionally usable in any publicly known liquid 
crystal. As such a smectic liquid crystal, various kinds of smectic liquid crystals which can be 
obtained from Japan Energy are used, for example. Especially the contrast of a display image is high, 
and in order to obtain a reversible display medium with little a fall and disappearance of contrast also 
in low temperature or a high temperature region, it is preferred to use the liquid crystal of following 
general formula (I) - (VII). 

0014 

[s| 10=000003 



(R^ shows the alkyi group or alkoxy group of the carbon numbers 8-18 among a formula.) 
0015 
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(R^, R^, R"^, R^, R^, and R^ show the alkyi group of the carbon numbers 2-18 among a formula, R^, 
R^, and R^° show the alkyI group or alkoxy group of the carbon numbers 2-18, and X shows a 
halogen again.) 

0016The compound expressed with these general formula (II)s - (VII), The temperature rise of the 
phase transition temperature of a smectic liquid crystal phase-pneumatic liquid crystal phase or 
smectic liquid crystal phase-isotropic interphase is carried out, the record-keeping nature in an 
elevated temperature is so good that this phase transition temperature is high, and 60-130 ** is 
especially preferred not less than 60 **. It is good to choose suitably any one sort of the carbon 
numbers 2-18, or two sorts or more, to combine them, and to use them from each aforementioned 
compound kind of inside, so that this may be filled. 

0017AS for the compound expressed with said general formula (II) - (VII), it is preferred to carry out 
10-300 weight-section content to compound 100 weight section expressed with said general formula 
(I), and it is preferred to consider it as 20 to 240 weight section especially. 80:20-30:70, and thing 
100 weight especially mixed by the ratio of 60:40-40:60 preferably are received by a weight section 
in the compound especially expressed with said general formula (I), and the compound expressed 
with general formula (II), If 5-100 weight-section content of one sort chosen from the compound 
expressed with general formula (IV) - (VII) or the two sorts or more is carried out preferably one to 
200 weight section. Contrast is high, and especially since it becomes a liquid crystal composition 
which moreover does not have a fall or disappearance of contrast in a low temperature region as 
remarkable as not only an elevated temperature but -40 it is desirable. 

OOlSTo these liquid crystal compositions, other liquid crystal compounds and additive agents can be 
added in the limit which does not destroy a smectic liquid crystal phase. It is suitable if a dichroism 
pigment is made to mix at a rate of one to 10 weight section per liquid crystal composition 100 
weight section for the purpose of improvement, coloring, etc. of a contrast ratio especially for 
example. By forming the liquid crystal / polymers bipolar membrane which distributed the liquid 
crystal composition in the polymer matrix using the aforementioned liquid crystal composition on a 
conductive substrate, the reversible display medium which can rewrite this invention is obtained. 
Although these desirable examples are shown concretely, this invention is not limited to this. 
0019AS amount of the above-mentioned liquid crystal composition and said polymers matrix used. If 
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the mixture ratio (weigiit ratio) of a polymers matrix / liquid crystal is 5 / 95 - 50/50 and there is too 
little amount of the liquid crystal used, In order to make a film into a transparent state for the 
transparency at the time of voltage one not only to to run short, but, it is insufficient in respect of 
needing great voltage etc., and if there is too much amount of the liquid crystal used on the other 
hand, since dispersion at the time of voltage OFF (turbidity) not only runs short, but membranous 
intensity will fall, it is not desirable. 

0020Although it is usable as a method of distributing a liquid crystal composition in a polymers 
matrix in each conventionally publicly known method, such as the phase separation method and an 
emulsion technique, in this invention, a useful method is the phase separation method. In the phase 
separation method, after preparing the solution which contains the above-mentioned ingredient using 
said polymers matrix and the above-mentioned liquid crystal composition, and the organic solvent 
that can dissolve other additive agents and applying this solution to a suitable substrates face, a 
solvent is evaporated and a liquid crystal / polymers bipolar membrane can be formed. 
0021AS for the solids concentration of the solution which acetone, methyl ethyl ketone, toluene, 
xylene, a tetrahydrofuran, chloroform, etc. are mentioned, and consists of these solvents as a 
suitable solvent, for example, it is preferred to consider it as about 5 to 30% of the weight of the 
range. Stencil printing, brush coating, spray coating, braid coating, doctor coating, etc., for example, 
using screen-stencil and a metal mask as a method of forming a liquid crystal / polymers bipolar 
membrane on an electrode substrate are mentioned using the above solution. 
0022The electrode substrate (conductive substrate) used is conventionally generally used to a 
publicly known reversible display medium, and in this invention. It Is usable and each conventionally 
publicly known conductive substrate is an electrode substrate of the couple which, concrete for 
example, made a transparent conductive material like ITO, a Sn02 system, and a ZnO system adhere 
to transparent substrates, such as glass and a high polymer film. When using an opaque conductive 
substrate for other one side at this time, the substrate which that electrode formed for the aluminum 
reflector, for example since the function as a light reflector was also required is preferred. The 
substrate itself may be a thing of glass, a high polymer film, or others. 
0023After forming a liquid crystal / polymers bipolar membrane on an electrode substrate as 
mentioned above, the liquid crystal / polymers bipolar membrane which the polyisocyanate contained 
makes a reactant acrylic resin construct a bridge, and makes the purpose are formed by carrying out 
stoving at the temperature of the grade which does not affect a room temperature or a liquid crystal 
particle. In the above, since it is generally referred to as about 3-23 micrometers, the contrast of a 
display will become low if it is less than 3 micrometers, and driver voltage will become high if 23 
micrometers is exceeded, the thickness of a liquid crystal / polymers bipolar membrane is not 
preferred. 

0024The reversible display medium which forms the liquid crystal / polymers bipolar membrane 
which liquid crystal composition particles distributed in the polymers matrix between the conductive 
substrates of a couple at least with transparent one side as one desirable embodiment of this 
invention is mentioned. The drive of this reversible display medium eliminates information by 
impression of voltage, and the writing of information Is performed by impression of heat. 
0025The information displaying medium which formed the protective layer via the interlayer if 
needed on said liquid crystal / polymers bipolar membrane formed on the conductive substrate as 
other desirable embodiments is mentioned. A liquid crystal carries out orientation of the reversible 
display medium in which this kind of rewriting is possible by the voltage impressing from the 
protective layer side, light penetrates, information Is eliminated, by heating, the orientation of a 
liquid crystal is in disorder and the writing of information Is performed. 

0026The interlayer and thermosetting resin which consist of the same resin as the above-mentioned 
polymer matrix about an interlayer's formation, Ultraviolet curing nature resin or electron beam 
hardening resin, for example, polyene thiols, The polymerization nature acrylate polymer which has 
an acrylyl group (meta) in molecules, such as urethane acrylate, epoxy acrylate, and silicone 
acrylate. A reversible display medium rewritable by providing the protective layer which consists of 
publicly known hardening resin etc. which consist of monomers of monofunctional , such as methyl 
methacrylate, or many organic functions can be formed. 

0027The card which can rewrite of information this embodiment is explained as an example. In the 
case of a card use, the electrode substrate to be used can be made into one sheet. Especially as a 
substrate of an electrode, a high polymer film is preferred. The white polyethylene terephthalate 
(PET) film as a film is desirable. The conductive layer can use metal other than transparent 
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conductive materials, sucli as ITO, such as aluminum. 

0028In order to protect a liquid crystal / polymers bipolar membrane, it is preferred to provide a 
protective film on this bipolar membrane. Especially as a protective film, although not limited, the 
hardening resin which has a mechanical strength, a water resisting property, etc. is preferred. For 
example, UV or electron beam hardening type poly (meta) acrylate, polyurethane (meta) acrylate, 
etc. are used. When said protective layer film cannot be directly formed on a liquid crystal / polymers 
bipolar membrane, the thin film of water-soluble polymer, such as polyvinyl alcohol, may be made to 
form as an interlayer between this bipolar membrane and a protective film, the aforementioned 
protective coat material formed on another sheet — transfer — it laminates, and it may be made to 
harden and may form. In the case of a card use, in a display, the using rate of a liquid crystal and 
polymers differs in the fitness range, and the rate (weight ratio) of a liquid crystal/polymers has the 
preferred range of 55 / 45 - 35/65. In order to raise the contrast of a display, it is preferred to make 
a liquid crystal contain dichroic coloring matter. 

0029Next, record and elimination of the information on the card of the above-mentioned 
composition are explained. A required electric field is Impressed and elimination of information is 
performed by making an electric field direction carry out orientation of the liquid crystal element, 
after heating a liquid crystal / polymers bipolar membrane layer. Especially as a method of 
impressing an electric field, a corona-electrical-charging method is effective. Record of information is 
performed by disturbing the orientation of the liquid crystal element of a portion which applied 
required heat to the bipolar membrane layer and to which heat was applied. As a method of applying 
heat, the method of using a thermal head is preferred. 



Brief Description of the Drawings 

Drawing IThe figure which illustrates the section of the reversible display medium of this invention 
schematically 

Drawing 2The figure which illustrates schematically the section of a liquid crystal / polymers bipolar 
membrane 
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